Energy fuel utilization by fetal versus young rabbit brain: a 13C MRS isotopomer analysis of [U-(13)C]glucose metabolites.
The principle substrate for brain metabolism is glucose, which provides both energy and the carbon skeletons of glutamate and glutamine, via the TCA cycle. The existence of two distinct cerebral metabolic compartments, neurons and glia, involved in glutamate and glutamine synthesis, respectively, is a widely accepted concept. In previous work, the relative glucose flux via pyruvate dehydrogenase (PDH) and pyruvate carboxylase (PC) in adult rabbit brain, using 13C NMR isotopomer analysis of glutamate and glutamine, was quantified. In this work, manifestation of cerebral compartmentation in the near-term fetal rabbit was investigated, using the above approach. Following infusion of [U-13C]glucose into maternal circulation (1 mg/kg per min) for 60-70 min, fetal brains were excised and brain extracts were studied by 13C NMR. The labelling patterns of fetal cerebral metabolites differed from those observed in the young adult brain. The most significant differences were found for glutamine labelling patterns. We suggested that these differences are a result of increased utilization of non-labeled fuels, mainly beta-hydroxybutyrate (beta-HBA) in the glia, the site of glutamine synthesis. In addition, we have shown that acute exposure to elevated beta-HBA levels leads to increased uptake, but not utilization, into the fetal rabbit brain; no increase in uptake is observed in the adult brain. We have also demonstrated that during short-term starvation, although no changes are detected in plasma and cerebral glucose levels in the fetal and young adult brain, amino acid levels and energy metabolism are altered in the young adult brain.